Objective. To obtain a real-world perspective of the optimal timing of angiography performed within 24 hours of admission with non-ST elevation myocardial infarction (NSTEMI). Background. Current guidelines recommend angiography within 24 hours of hospitalisation with NSTEMI. e recent VERDICT trial found that angiography within 12 hours of admission with NSTEMI was associated with improved cardiovascular outcomes among high-risk patients. We compared the outcomes of real-world NSTEMI patients undergoing angiography within 12 hours of admission with those of patients undergoing angiography 12 to 24 hours after admission. Methods. NSTEMI patients without life-threatening features who received angiography within 24 hours of admission were obtained from the SPUM-ACS registry, a cohort of consecutive patients admitted with acute coronary syndromes to four university hospitals in Switzerland. Cox models assessed for an association between door-to-catheter time and one-year major adverse cardiovascular events (MACE: cardiovascular mortality, myocardial infarction, and stroke). Results. Of 2672 NSTEMI patients, 1832 met the inclusion criteria. Among them, 1464 patients underwent angiography within 12 hours (12 h group) compared with 368 patients between 12 and 24 hours (12-24 h group). Multiple logistic regression identified out-of-hours admission as the only factor associated with delayed angiography. After 2 :1 propensity score matching, 736 patients from the 12 h group and 368 patients from the 12-24 h group demonstrated no significant difference in rates of one-year MACE (7.7% vs. 7.3%, HR: 1.050, 95% CI 0.637-1.733, p � 0.847). Stratification by GRACE score (>140 vs. ≤140) found no significant reduction in MACE among high-risk patients in the 12 h group (p for interaction � 0.601). Conclusions. In an unselected real-world cohort of NSTEMI patients, angiography within 12 hours of admission was not associated with improved one-year cardiovascular outcomes when compared with angiography 12 and 24 hours after admission, even among high-risk patients.
Introduction
Current European and American guidelines recommend angiography within 24 hours of hospitalisation for patients with non-STelevation myocardial infarction (NSTEMI). Key to these recommendations was the TIMACS trial (Timing of Intervention in Acute Coronary Syndromes) which found that invasive angiography within 24 hours of admission was associated with a reduced rate of recurrent ischemia at 6 months when compared with angiography ≥36 hours after admission [1] . Additionally, a reduced rate of the composite primary endpoint (death, myocardial infarction (MI), and stroke) was noted among patients with a GRACE score >140 receiving early angiography. Further support came from the RIDDLE-NSTEMI trial, which found that early angiography (median time 1.4 hours) following NSTEMI was associated with reduced mortality/recurrent MI at both 30 days and 1 year when compared with a delayed strategy (median time 61 hours) [2] . Meta-analyses have provided additional support for these recommendations [3, 4] . Of note, Jobs et al. analysed data from eight studies (including TIMACS and RIDDLE-NSTEMI) and found reduced 6-month mortality among NSTEMI patients treated with an early invasive strategy [4] . e recent VERDICT (Very EaRly vs Deferred Invasive evaluation using Computerized Tomography) trial provided evidence of the potential benefits of even earlier intervention in high-risk patients. Patients without life-threatening features were randomised to receive angiography within 12 hours or between 48 and 72 hours. Among the early intervention group, patients with a GRACE score >140 were found to have a reduced rate of the primary composite endpoint (all-cause death, nonfatal recurrent MI, admission for refractory myocardial ischemia, or heart failure) at 4 years [5] . However, there are limitations in the design of the VERDICT trial that potentially reduce its applicability to clinical practice. Firstly, early angiography was delivered with a median door-to-catheter (DTC) time of 4.7 hours (IQR 3.0-12.2), compared to a delayed strategy with a median DTC time of 61.6 hours (IQR 39. 4-87.8) .
is represents a substantial treatment delay that high-risk patients typically would not experience in routine clinical practice. Secondly, DTC times between 12 and 24 hours were not considered despite a significant proportion of patients in clinical practice likely experiencing a delay of this length. e sheer volume of NSTEMI admissions makes the timely delivery of angiography a significant challenge for clinicians and the latest evidence from the VERDICT trial could be interpreted as supporting an even more challenging angiography target in high-risk NSTEMI.
We aimed to obtain a real-world perspective of the optimal timing of invasive angiography following NSTEMI among patients treated within the recommended 24-hour target. In a retrospective analysis of consecutive patients admitted with NSTEMI to four university hospitals across Switzerland, we compared one-year outcomes of patients receiving angiography within 12 hours with those of patients receiving angiography between 12 and 24 hours.
Materials and Methods

2.1.
Patients. Data were obtained from the SPUM-ACS (Special Program University Medicine-Acute Coronary Syndromes) registry, a cohort of consecutive patients admitted with acute coronary syndromes (ACS) to four PCI-capable university hospitals in Switzerland. ACS was defined as the presence of symptoms consistent with angina pectoris and at least one of the following characteristics: ST-segment elevation or depression, T inversion or dynamic ECG changes, evidence of positive troponin, and/or known coronary heart disease (status after myocardial infarction, bypass surgery, or coronary angiography). All patients were aged 18 years or over with the only exclusion criteria being severe physical disability, inability to comprehend the study, or life expectancy of less than 1 year (for noncardiac reasons). Further details of this registry have been reported previously [6] . For the present study, patients hospitalised between 2009 and 2017 with a diagnosis of NSTEMI were selected. NSTEMI was defined as elevated troponin levels and the absence of ST elevation at the time of diagnosis. Among them, DTC time was calculated by subtracting the time of coronary catheter insertion from the time of hospitalisation. Patients without a DTC time, those receiving angiography greater than 24 hours after admission, and those presenting with very-high-risk criteria (cardiac arrest, systolic blood pressure < 90 mmHg, acute cardiac failure (Killip class III or IV), and ST elevation on ECG) were excluded.
Primary Endpoint.
e primary endpoint was defined as one-year major adverse cardiovascular events (MACE), a composite of cardiovascular mortality, recurrent MI (using the universal definition of MI [7] ), and stroke. e incidence of cardiovascular events during follow-up was ascertained by telephone consultation 30 days after discharge and in a clinical face-to-face visit at one year. When patients could not be reached for the oneyear follow-up visit, medical information was obtained from primary care physicians, family members, hospital records, or a registry office. ree certified cardiologists adjudicated all cardiovascular events.
Statistical Analysis.
Normally distributed, continuous variables are expressed as mean ± SD and compared using the 2-tailed Student t-test. Nonnormally distributed continuous variables are expressed as a median with interquartile range and analysed using the Mann-Whitney U test. Comparisons between categorical variables were performed using the Pearson χ2 test. Missing values in baseline clinical characteristics were treated with multiple imputation in order to create five imputed datasets. Baseline and treatment characteristics are presented for a single imputed dataset. Logistic and Cox regression analyses were performed on each imputed dataset before pooling of estimates as per Rubin's Rules [8] . Multiple logistic regression was used to identify independent factors associated with an angiography delay of 12-24 hours. ese models included the following covariates: age, sex, hypertension, diabetes, previous cardiovascular disease, chronic lung disease, smoking status, heart rate, systolic blood pressure, ECG ischemia, anaemia, estimated glomerular filtration rate (eGFR), GRACE score, admission at night, and admission on weekend. A 2 :1 propensity score-matched analysis with a nearest-neighbour matching algorithm was used to manage differences in baseline characteristics. Patients were matched for age, sex, diabetes, hypertension, hypercholesterolemia, previous MI, previous PCI, previous CABG, previous stroke, previous CVD, valvular disease, chronic lung disease, family history of CVD, systolic blood pressure, heart rate, BMI, anaemia, baseline eGFR, ECG ischemia, smoking, GRACE score, and LVEF. Cox proportional hazards models assessed for an association between DTC time and the clinical endpoints. Stratified Kaplan-Meier analysis was used to visualise intergroup differences for each clinical outcome over the follow-up period. A p-value <0.05 was defined as statistically significant. Statistical analysis was performed using R version 3.5.1.
Results
Patients.
Of 2672 NSTEMI patients, 534 without a DTC time and 94 with a DTC time greater than 24 hours were excluded. A further 212 patients were excluded due to presence of very-high-risk criteria. Among the remaining 1832 eligible patients, 1464 patients received angiography within 12 hours of admission (12 h group) while 368 patients received angiography between 12 and 24 hours (12-24 h group). Missing values in baseline clinical characteristics were managed with multiple imputation (Supplementary Table 1 ). Prior to matching, the groups differed significantly with regards to age, previous cardiovascular disease, and baseline eGFR. After 2 :1 propensity score matching, 736 patients from the 12 h group and 368 patients from the 12-24 h group presented no significant differences in main baseline clinical characteristics (Table 1) . e median follow-up time was 365.2 days (IQR 358.0-365.2) in both the 12 h and 12-24 h With regards to treatment, both groups in the matched population had over 99% compliance with dual antiplatelet therapy at the time of discharge, though a smaller proportion of patients in the 12-24 h group were prescribed prasugrel ( Table 2 ). ere was also a higher incidence of coronary thrombus in the early intervention group (21.1% vs. 13.2%,p � 0.003). However, there were no other significant differences in treatment characteristics. Of note, there were no significant differences in the proportion of patients receiving stenting (12 h: 84.8% vs. 12-24 h: 82.3%), balloon angioplasty only (12 h: 5.0% vs. 12-24 h: 5.4%), or CABG following angiography (12 h: 1.9% vs. 12-24 h: 1.6%) (p � 0.606). As reported previously, there was strong adherence to ACS prescription guidelines [6] .
Factors Associated with Angiography Delays of 12-24
Hours. Within the 12-24 h group, a much higher proportion of admissions occurred on weekday nights (12 h: 18.2% vs. (Figure 1 ). ese findings were corroborated with Kaplan-Meier analyses which demonstrated no significant differences between groups with regards to MACE (p � 0.82), cardiovascular mortality (p � 0.23), recurrent MI (p � 0.88), or stroke (p � 0.72) at one year ( Figure 2 ). (Figure 1 ). is absence of benefit among patients with a GRACE score >140 was confirmed with KM analyses for all clinical endpoints (Figure 3 ). 
Outcomes in
Discussion
is study demonstrates that in a matched cohort of NSTEMI patients without life-threatening features, patients receiving invasive angiography within 12 hours had similar one-year cardiovascular outcomes to those treated between 12 and 24 hours. is finding was independent of GRACE score, with high-risk patients (GRACE score >140) having similar outcomes in both the 12 h and 12-24 h groups.
Relevance to Routine Clinical Practice.
e VERDICT trial was key to the conception of this study. It demonstrated that angiography within 12 hours was only associated with improved long-term outcomes among non-ST elevation acute coronary syndrome (NSTE-ACS) patients with a GRACE score >140 [5] . However, direct comparison of our results with those of the VERDICT trial should be limited due to an important difference between the delayed intervention groups. In the VERDICT trial, early angiography was compared with delayed angiography conducted between 48 and 72 hours (median DTC time 61.6 hours, IQR 39.4-87.8). In routine clinical practice, high-risk NSTE-ACS patients typically do not experience such long delays, with current guidelines recommending angiography within 24 hours [9, 10] . us, this key finding from the VERDICT trial should not come as a surprise. However, our study addresses a gap in the VERDICT trial design by assessing the impact of delays experienced within the recommended 24-hour window. It is not uncommon for patients hospitalised with NSTEMI to experience delays prior to angiography [11, 12] . In this study, admission out-of-hours was the factor most strongly associated with delays of greater than 12 hours. Importantly, our data suggest that these delays do not have a significant association with one-year cardiovascular outcomes, provided that angiography is performed within the guideline-recommended 24-hour timeframe. Support for these findings come from the TIMACS trial which noted no significant difference in 6-month outcomes between patients treated within 6 hours, 6 to 12 hours or Log-rank p = 0.79 Log-rank p = 0.71 12 to 24 hours [1] . Additionally, post-hoc analysis of the ACUITY trial (Acute Catheterization and Urgent Intervention Triage strategY) found no significant difference in 30-day or one-year outcomes between patients treated within 8 hours or between 8 and 24 hours [13] .
Recurrent
It should be noted that the event rates in this study were lower than reported in previous studies, which may reflect an overall lower-risk NSTEMI population. For example, this study excluded patients presenting with any life-threatening features (as per European/American guidelines), whereas trials such as TIMACS and ACUITY included many of these patients [1, 13] . Additionally, compared with the present study, the VERDICT trial included patients with a highermean GRACE score (141 vs. 130) and a higher percentage of GRACE scores >140 (49% vs. 36%), suggesting an overall higher-risk population [5] . e presence of a lower-risk NSTEMI population in the present study may help explain why the referral rate for CABG was lower than reported in other studies.
Benefits of Early versus Delayed Angiography.
e theoretical benefit of early angiography is the early identification of significant lesions facilitating early revascularisation and salvage of ischemic myocardium. Additionally, early angiography can promote early discharge. In this study, patients in the 12-24 h group had significantly longer hospital stays likely reflecting the delay in receiving angiography. On the other hand, delayed angiography following NSTEMI may provide adequate time for optimal medical treatment in order to decrease thrombus burden, improve plaque stability, and reduce subsequent stent thrombosis risk. e presence of coronary thrombus at the time of angiography is known to worsen outcomes following ACS [14] . Furthermore, in vitro models have shown that P2Y 12 agents can disrupt and even reverse thrombus stability [15, 16] . Longer pretreatment with P2Y12 agents is also associated with improved coronary perfusion before PCI [17] . In this study, the proportion of patients with coronary thrombus was significantly higher in the early intervention group. us, it could be hypothesised that angiography deferred to between 12 and 24 hours may have provided time for the beneficial effects of medical therapy to be seen.
Limitations.
is study is limited by its retrospective and observational design. As it is not possible to exclude the possibility of selection bias, these results should be considered as hypothesis generating. However, the SPUM-ACS registry represents a multicentre cohort of consecutive patients hospitalised with ACS. Additionally, given the very few exclusion criteria, we feel that the risk of bias is limited and that patients included in this study are likely representative of those encountered in routine clinical practice. Another limitation was the modestly-sized, imbalanced groups. To counter this, we applied 2 : 1 propensity score matching to create statistically balanced groups for comparison. However, it is possible that the small sample sizes in this study may have reduced the chance of detecting significant intergroup differences, particularly in the stratified GRACE score analysis. ere was a higher rate of one-year cardiovascular mortality among patients receiving angiography between 12 and 24 hours, albeit nonsignificant. Interpretation of this component of the composite endpoint should be performed with caution given the small sample size. A further limitation is that the definition of MI changed during the study period (2009-2017), and thus a degree of heterogeneity could be present in the population. ere were also relatively low prescription rates of ticagrelor and prasugrel in this study.
is was likely reflective of the long study period which encompassed a shift in practice from higher rates of clopidogrel use at the start of the study period towards higher rates of more potent P2Y 12 agents by the end of the study. A further limitation was the absence of detailed information on coronary thrombosis. A higher rate of coronary thrombosis was detected among patients in the 12 h; however, no information was available on thrombosis of preexisting coronary stents. Finally, with a median follow-up period of 365 days, this study cannot exclude the possibility of differences in outcomes beyond this timepoint.
Conclusion
In this real-world cohort of NSTEMI patients, angiography within 12 hours of hospitalisation was not associated with improved one-year cardiovascular outcomes when compared with angiography between 12 and 24 hours, even among patients with an elevated GRACE score.
